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social	 housing	Passivhaus	 communities	 in	 Scotland,	 and	 explores	 the	 occupants’	 lived	 experience	 and	 their	
perception	of	comfort	in	Passivhaus.	The	study	focuses	on	the	concept	of	comfort	from	a	socio-technical	point	
of	view	in	order	to	explore	more	effective	adaptive	opportunities	that	can	be	integrated	at	the	design	stage.	
Through	 in-depth	 interviews	with	the	occupants,	site	visits	and	architectural	analysis,	 the	research	highlights	
comfort	 issues	 in	 those	 two	 social	housing	Passivhaus	 projects,	 and	 identifies	barriers	and	opportunities	 for	
behavioural	 and	 psychological	 adaptations	 specifically	 for	 designing	 social	 housing	 Passivhaus.	 The	 findings	










Passivhaus	 concept	 was	 established	 in	 1990s	 and	 has	 been	 gradually	 developed	 into	 a	
rigorous	 building	 quality	 standard	 over	 the	 past	 twenty	 years.	 Regarded	 as	 a	 design	
methodology	that	provides	comfort	with	energy	efficiency,	the	standard	is	widely	adopted	in	
Germany	and	Scandinavian	countries.	The	number	of	Projects	built	to	Passivhaus	standard	in	
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Passivhaus	 	 concept,	 	 the	 	 realized	 	Passivhaus	 	 buildings	 	 represent	 	 a	diverse	 	 range	 	of		
architectural		characteristics,		and		vary		in		terms		of		site,		construction		method	and	material	
quality.	 Since	 the	 concept	 of	Passivhaus	 only	 sets	 out	 the	 performance	 standard	without	
providing	detailed	design	regulation,	the		flexibility		in		approaching		the		concept		enables		
each	 	project	 	 to	 	 have	 its	 	 own	 	 take	 	 in	 	 terms	 	of	 architectural	properties	 such	as	 size,	
structure	 system,	 insulation	 type,	 material,	 orientation,	 layout,	 interior	 fittings,	 and		
additional	 	 technical	 	 devices	 	 such	 	 as	 	 PV	 	 panels,	 	wood	 	 burner,	 	 thermal	 	 tank,	 	 etc.	
Construction	quality,	also	varies	from	project	to	project.	Hence	the	adaptive	opportunities	
provided	 by	 such	 systems	 vary	 between	 each	 individual	 project.	 Therefore	 to	 understand	
Passivhaus	 concept	 and	 design	 in	 relation	 to	 adaptive	 comfort,	 and	 to	 study	 Passivhaus	
buildings	on	a	case	by	case	basis	is	crucial.		
Meanwhile,	 although	 much	 attention	 has	 been	 given	 to	 thermal	 comfort	 in	 Passivhaus	
research,	other	aspects	of	comfort	in	relation	to	the	built	environment	are	less	explored.	This	
paper	argues	that	the	social	side	of	comfort,	such	as	personalized	space,	ease	of	housework,	


















2003).	 The	 adaptive	 comfort	 model	 recognizes	 the	 deviations	 of	 what	 is	 regarded	 as	
‘comfortable	 indoor	 environment’	 in	 terms	 of	 geographical,	 cultural,	 socio-economic	
differences,	 and	 emphasizes	 the	 relation	 between	 inhabitants’	 comfort	 temperature	 and	
outdoor	temperature	(Nicol,	2011).	It	has	also	been	suggested	that	the	indoor	comfort	can	
be	 achieved	 by	 three	 adaptive	 processes	 which	 building	 occupants	 undergo	 in	 order	 to	
‘improve	the	‘fit’	of	the	indoor	climate	to	their	personal	or	collective	requirements’	(de	Dear	
et	 al,	 1998).	 The	 three	 adaptive	 processes	 are	 Behavioural	 adaptation,	 Physiological	
adaptation,	 and	 Psychological	 adaptation,	 among	 which	 behavioural	 and	 psychological	
adaptation	are	the	most	influential	factors	for	actively	acquiring	comfort	(de	Dear	et	al,	1998).		
Behavioural	 adaptation	 includes:	 a)	 personal	 adjustment	 (adjusting	 clothing,	 drinking	 hot	
beverages);	 b)	 technological/environmental	 adjustment	 (controlling	 windows	 and	
mechanical	 equipment);	 and	 c)	 cultural	 adjustment	 (changing	 dress	 code,	 rescheduling	
activities).	Psychological	adaptation	entails	the	shift	of	one’s	expectations	regarding	indoor	
climate,	 which	 relates	 more	 to	 habituation	 and	 experience	 (de	 Dear	 et	 al,	 1998).	 The	
Windsor Conference 2016 - Making Comfort Relevant - Proceedings 1053 of 1332
evidences	of	adaptation	strategies	can	be	found	in	a	rich	selection	of	 literature	 in	thermal	
comfort	 research	 in	 general,	 and	 research	 on	 Passivhaus	 in	 particular.	 Paciuk	 (1990)	 has	
identified	the	correlation	between	‘perceived	control’,	which	measures	the	expectation	and	
perception	of	control	opportunity	and	comfort	satisfaction.	Rijal	et	al	 (2015)	surveyed	120	








either	 staying	 away	 from	 the	windows	 or	 used	 curtains;	 ventilation	 habits	 changed	 from	
manually	operating	windows	to	using	programmable	controls	(Brunsgaard	et	al.,	2012).	
Besides	 thermal	 comfort	 research,	 Rybczynski	 (1987)	 has	 suggested	 that	 from	 a	 socio-
historical	 point	 of	 view	 that	 comfort	 is	 highly	 dependent	 on	 social,	 cultural	 and	historical	
context.	This	point	of	view	argued	that	‘home	comfort’	is	not	a	static	and	quantitative	figure	
determined	solely	by	temperature	and	humidity.	The	values	 	of	 	 the	 	different	aspects	 	of		











and	 over	 10%	 of	 the	 households	 suffered	 from	 fuel	 poverty.	 It	 is	 particularly	 relevant	 to	
examine	social	housing	that	built	to	Passivhaus	standard	if	we	wish	to	improve	the	energy	
efficiency	and	environmental	benefits.	 The	 first	 social	 housing	Passivhaus	 in	 Scotland	was	
completed	 in	 2010.	 The	 post	 occupancy	 report	 showed	 that	 the	 appreciation	 from	 the	
occupants	 regarding	 the	 low	energy	bill	 and	warm	 indoor	environment	 in	 the	winter,	and	
confirmed	 the	 feasibility	and	benefits	of	adopting	Passivhaus	 system	 in	 the	social	housing	






future	 tenants.	 Research	 conducted	 by	 Brown	 et	 al.	 (2015)	 recommended	 that	 designers	
employ	 resilient	 design	 strategies	 that	 allow	 for	 varied	 preferences	 (e.g.,	 for	 passive	
ventilation)	 to	 be	 exercised	 by	 inhabitants	 without	 undermining	 suite-	 or	 building-level	
performance.	Chui	et	al	(2014)	demonstrated	the	importance	of	adaptability	of	social	housing	
by	10	case	studies	of	retrofit	project	in	the	UK,	and	proposed	that	the	relationship	between	
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buildings	and	people	can	be	designed	as	‘mutually	constitutive’	and	‘co-evolving’	through	a	






includes	 two	 sets	 of	 data:	 a)	 semi-structured	 interviews,	 and	 b)	 drawings	 and	 images	 of	
architectural	 properties	 and	 mechanical	 services.	 It	 has	 been	 proven	 to	 be	 beneficial	 to	
analyse	and	cross-reference	the	two	sets	of	data	in	order	to	discover	comfort	and	comfort	
practice	 in	 relation	 to	 the	 built	 environment,	 and	 to	 determine	 if	 the	 design	 serves	 as	 a	
supportive	role	for	adaptive	comfort	and	provides	adaptive	opportunities.	The	analysis	of	the	
interview	data	adopts	an	 inductive	process,	the	open-ended	questions	are	directed	by	the	
conversation	 between	 the	 interviewer	 and	 the	 participant,	 thus	 the	 questions	 asked	 vary	
between	each	household.	The	questions	are	organized	under	three	sections.	The	first	section	
examines	 the	 tenants’	 perception	 of	 home	 comfort,	 the	 second	 section	 asks	 about	 their	




respondent’	 (Goins	et	al,	2011).	The	analysis	of	 the	 interview	used	text	search	to	pick	out	















following	 table	 (Table	 1).	 The	 two	 projects	 have	many	 similarities	 in	 terms	 of	 floor	 area,	
bioclimatic	 region,	 construction,	household	 size	and	 service	 systems,	 the	major	difference	
















(sq.m)	 103	 103	 88	 88	 74	 80	
Household	
size	 3	 5	 2	 2	 2	 2	
Occupants	
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The	demographic	information	of	the	interviewees	also	makes	an	interesting	comparison.	The	
tenants	 of	 DO	 project	 were	 initially	 selected	 through	 social	 housing	 sector	 and	 had	 no	
previous	knowledge	about	Passivhaus,	nor	did	they	move	in	to	the	Passivhaus	specifically	for	
its	energy	performance	feature.	Although	in	the	interview	there	are	indications	that	tenants	
have	 increased	 their	 knowledge	 of	 Passivhaus,	 and	 showed	 active	 change	 of	 behaviour	
through	an	up	to	9	months	learning	curve.	On	the	other	hand,	the	study	on	SL	project	reveals	
two	very	distinctive	households	 in	 terms	of	 their	knowledge	and	confidence	 in	Passivhaus	
system.	SL1	occupants	knew	nothing	about	Passivhaus	before	moved	in	and	still	know	nothing	





















DO2	occupant	 considered	dry	 atmosphere	 as	 an	 upside	 for	 drying	 clothes	 efficiently.	 The	
comparison	suggested	social	comfort	of	convenience	outweighs	air	quality	in	some	cases.		
Because	of	 the	change	 in	 thermal	environment	and	 service	 system,	 the	Passivhaus	 in	 this	
project	has	created	issues	that	need	to	be	adapted	to	by	the	occupants.	The	adaptations	are	
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1.	 Fitting	 in	 curtains/blinds	 on	
south-facing	 windows,	 and	
timber	 floor	 in	 living	 room	
(House		DO1,	3,	4)	
	



















room	 away	 from	 the	 stove	
(House	DO1,	2)	
	
2.	 Burn	 the	 wood	 slowly	 to	














1.	 Being	 patient	 to	wait	 for	 the	
temperature	 to	 slowly	 go	 up	
(House	DO1)	
	
2.	 Cook,	 light	 up	 candles	 or	 do	




3.	 Thermostat	 control	 and	

























1.	 Adapting	 to	 new	 ways	 of	
operating	 the	 wood	 burner	
(House		DO1,	2,	3,	4)	
	
2.	 Fitting	 in	a	 lighting	 system	as	























The	 occupant	 changed	 the	














































system	 have	 yet	 to	 be	 established	 as	 a	 ‘routine	 of	 knowing’.	 For	 both	 households,	 the	
available	information	regarding	the	control	of	the	house	is	far	from	adequate.	There	are	many	




























cool	 the	 house	 (House		
SL1,	2)	
The	houses	are	heavily	shaded	on	the	south	
side,	 which	 prevents	 the	 rooms	 from	
overheating.	 The	 houses	 all	 have	 openable	




No	adaptation	observed	 Because	 of	 the	
shadings,	 the	
occupants	 felt	 the	















has	 a	 built-in	 thermostat	 in	
the	control	panel,	but	none	of	
the	 residents	 knew	 or	
understood	how	to	control	it.	
The	 control	 panels	 are	


















The	 smart	 metre	 has	
been	 installed	 in	 both	
households,	 SL1	
occupants	do	not	know	
what	 it	 means,	 SL2	





For	 SL2,	 no	 major	
furnishing	 has	 been	
done.	 The	 upstairs	 living	
room	 is	partially	under	a	
tilted	ceiling	as	a	result	of	
pitched	 roof,	 the	 door	
opens	 inwards,	 from	
which	the	juliete	balcony	
can	 be	 accessed.	 For	 a	







the	 interior	 despite	 the	
housing	 association	
suggested	otherwise,	the	
living	 room	 has	 four	
doors	 opening	 towards	




















occupants.	 Comparing	 the	 two	 case	 studies,	 evidently,	 the	 novel	 technical	 system	 of	
Passivhaus	 has	 in	 both	 cases	 formed	 the	 biggest	 and	 most	 unavoidable	 barrier	 in	 the	
adaptation	process.	The	temperature,	humidity	and	ventilation	control	require	a	new	set	of	
knowledge	and	a	certain	period	of	learning	process	to	adapt	to.	In	this	process,	being	able	to	
gain	 effective	 information	 and	 sufficient	 support	 and	 maintenance	 from	 professionals	 is	
crucial	for	adaptation.		
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Meanwhile,	 the	 architectural	 and	 mechanical	 design	 of	 the	 Passivhaus	 also	 affect	 how	
comfort	is	experienced	and	achieved	through	daily	lives.	In	both	cases,	overheating	in	summer	
has	been	reported	as	a	comfort	issue,	and	the	occupants	felt	the	need	to	open	windows	to	






practise	 comfort	 has	 also	 been	 restricted.	 This	 has	 led	 to	 dissatisfaction	 and	 inactive	
adaptation.	 Being	 able	 to	 personalize	 interior	 space,	 to	 open	 windows	 when	 needed,	 to	




design	 of	 Passivhaus	 community	 needs	 to	 be	 addressed,	 particularly	 in	 social	 housing	
Passivhaus	where	 the	 community	plays	 an	 important	part	 in	promoting	 sustainable	 social	
norms	 and	 lifestyle.	 The	 DO	 project	 has	 demonstrated	 how	 the	 occupants	 and	 their	
community	have	evolved	together	with	the	Passivhaus	as	they	learned	to	adapt	to	the	house	
at	the	same	time	modified	and	improved	the	system.	The	design	of	social	housing	Passivhaus	
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